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Abstract 
In a view to reduce the cost of production and the harmful destruction in normal environment, there's a lot of research have been 
conducted or still ongoing for the possibility of using natural fibers which are wholly degradable in the combination of biodegradable 
thermoplastic materials. This research will focus on Kenaf; an extremely valuable natural fiber with robust mechanical properties. In this 
research, kenaf fiber/fiberglass reinforced with unsaturated polyester composites were subjected to water absorption test. Water 
absorption test were conducted by immersing specimens into three different environmental conditions including sea water, distilled water 
and rain water (acidic solutions) at room temperature from 1st day until 4th week. The effect of the mechanical strength of the hybrid 
composties is investigated. In general, the mechanical properties of kenaf fiber are deteriorated after the moisture penetrates into the 
composite. The strain to failure increases from 1st day until 3rd week followed by a drastically drop at 4th week. The humidity aging is one 
of the evidence found in SEM micrograph which contributes to the reduction of tensile modulus. 
 
© 2012 The Authors. Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Centre of 
Humanoid Robots and Bio-Sensor (HuRoBs), Faculty of Mechanical Engineering, Universiti Teknologi MARA. 
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1. Introduction 
In the course of nature life, composite materials were subjected to both mechanical loading and exposed to severe 
environmental conditions. The natural fiber reinforced composite are reasonably strong, lightweight and free from health 
hazard, and hence it’s have the potential to be used as material for strong components such as like building materials, 
shipping,  automotive and etc. Despite the advantages listed above, they suffer from some limitations such as poor moisture 
resistance especially absorption and low strength compared to synthetic fiber such as glass [1]. Natural fibers develop an 
option for most widely applied synthetic fiber in composites technology. The interest in natural fiber was known because it 
is cheap and lighter which provides better stiffness per weight than glass. Natural fiber source is renewable where it is 
considered being green and environmental friendly. The fact that it causes less impact on the environment is proven since 
natural fiber can be recycled thermally. Therefore, according to good mechanical properties, the usages of the natural fibers 
were retained in all sorts of applications.  
The natural fiber that was used in this study was Kenaf fiber. Kenaf fiber is obtained from stems of plants genus 
Hibiscus, family of Malvaceae and the species of H. cannibinus. It requires less water to grow because Kenaf fiber has 
growing cycle of 150 to 180 days with average yield of 1700kg/ha [2]. Most Asian countries are surrounded by areas with 
high humidity. Based on this fact, the effect of humidity on composite materials should be investigated by the researchers to 
ensure the composite materials can be used in humid environment safely. Historically, all types of polymer composites were 
absorbed moisture when immersed in water or in humid environment. The natural fiber composites are also able to absorb 
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moisture. It is because of the hydrophilic nature of the fiber that is very sensitive towards water absorption, causing 
instability in the properties. The moisture penetrates into the microgaps between polymer chains of composites material [3].
The other common mechanisms are capillary transport into the gaps and flaws at the interfaces between fibres and polymer, 
because of incomplete wettability and impregnation; and transport by microcracks (formed during the compounding 
process) in the matrix.  
The objective of this study is to compare the mechanical properties such as tensile stress of Kenaf fiber reinforced 
polyester composite immersed in three different solutions, which are distilled water, seawater, and rain water (acidic 
solution) at room temperature. The mechanical properties of the specimen after the immersion at specified time will be 
analysed and discussed. This paper is focus on the water immersion study and its effects on kenaf/fiberglass polyester 
hybrid composites.   
2. Experimental 
2.1. Materials 
Long kenaf were supplied by Innovative Pultration Sdn. Bhd. All the kenaf were used without any surface treatment. A 
standard unsaturated polyester resin was supplied by Mostrong Industries Sdn. Bhd. and woven fiberglass was provided by 
local company.  
2.2. Preparations of composites 
A combination of hand lay-up and cold press method was used in the fabrication of the composites laminates. The matrix 
material was prepared from the unsaturated polyester resin and the catalyst at the weight ratio of 100 to 2. The catalyst was 
added to the polyester and the batch was stirred before pour into a mold. 46 gram of long Kenaf fibers were arranged inside 
the mold and layered by fiberglass. Two mats with average weight 38g of fiberglass with nominal size 295 mm x 205 mm 
used in each layer. The fiberglass was put in upper and lower part of a composite laminate. Then, the polyester matrix was 
pour onto the Kenaf fiber and fiberglass in a mold. The size of the mold was the 300mm x 210 mm. Plastic firm was swept 
by the wax and the mold was covered with the steel frame for easy removal and good surface finishing of the laminates 
specimen. A cold press method (10kN load) was applied to the laminate specimen for 15 minutes to 20 minutes at room 
temperature to ensure the specimen has no air bubble and also ensuring the homogeneity of the specimen. The specimen 
preparation process was shown in Fig .1. Finally, the specimen was removed from the mold and cured for 24 hours at room 
temperature to ensure the specimen was hard and dry enough for the cutting process. The specimen will be cut in parallel-
side shape with the dimension of 100 x 25 mm according to the standard BS EN ISO 527-3 1996.  
 
 
 
Fig. 1. Preparation of Kenaf/ fiberglass reinforced unsaturated polyester 
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2.3. Tensile testing  
The tensile testing of all specimens (Fig. 2) was performed on the Instron mechanical testing machine using a crosshead 
speed of 1 mm/min and a 25 mm extensometer. Modulus values were determined from the secant slope of the stress–strain 
curve in the strain range 0.05–0.25% in accordance to ISO 527:1997. 
 
 
 
Fig. 2. Specimen for tensile testing 
 
3. Result and Discussion 
 
3.1 Tensile Properties 
Table 1 shows the tensile strength of hybrid composite at different environmental conditions. Kenaf fiber reinforced 
composite immersed in sea water shows the highest reduction rate in tensile modulus, followed by acidic rain water and 
distilled water. This phenomena show similar trend with H. M. Akil [4]. Theoretically, the reduction pattern reveals the 
increase trend of ductility caused by the restriction of movement of polymer molecules, after the immersion process. 
Incorporation of reinforcing fibers restricts the mobility of the polymer molecules under deformation, and raises the tensile 
modulus values but reduces the viscoelastic lag between the stress and the strain. The decreased value of tensile modulus for 
immersed kenaf fiber reinforced composite, may due to the damaged matrix, deteriorated interfacial adhesion, and bond 
strength, between matrix and fiber. The behaviors of the chemicals combination of chains, the Van der Waals bonding, and 
the hydrogen bonding in the molecular construction of the polymer, are responsible for the ability of the material to bear 
foreign stress [5]. When water molecules penetrate the polymer, the hydrolysis and plasticization of the matrix will damage 
the chemical combinations and bonding. The interfacial bonding becomes weaker and form a poor adhesion between 
polymer chains, hence results in a lower tensile modulus [6]. When a greater strain is induced, it will indirectly lead to a 
decrease in the tensile modulus.  
 
                                               Table 1. Tensile strength of hybrid composite at different environmental conditions. 
 
Tensile Modulus (GPa) 
 
1st  day 1st  week 2nd  week 3rd  week 4th  week 
Standard 8.36  8.36  8.36  8.36  8.36  
Distilled water 6.53  6.66   6.46  6.83   5.64 
Rain water 8.27  6.65  6.92  6.74   6.06 
Sea water 7.19  7.15  6.37   6.64   5.80  
 
 
The tensile modulus of long kenaf/ fiberglass hybrid composites immersed in various environmental conditions are 
shown in the Fig. 3. The entire trend of the samples after immersion is decreases compared to the specimen before 
immersed. The decreasing of the tensile modulus is due to the moisture content interface between matrix and fiber. When 
moisture content increases, a large number of hydrogen bonds are formed between the macromolecules of the polyester 
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matrix and kenaf fiber, which contain hydrophilic with many hydroxyl groups (-OH) in the fiber structure [1]. Due to this 
chemical reaction, the tensile modulus decreases when the immersion time is longer. 
 
 
Fig. 3. Tensile Modulus (GPa) at different environmental condition. 
 
The strain to failure for kenaf/fiberglass polyester hybrid composite after immersion is higher compared to specimen 
before immersed. It can be seen in Fig. 4, the strain to failure is surprisingly becomes higher after one day immersion in all 
types of environmental conditions. For 1st, 2nd and 3rd week of immersion, the maximum tensile strain is increased 
dramatically compare to the specimen before immersed. The cellulose content of kenaf fiber in the composites is believed to 
be reduced during the water absorption process. This phenomenon makes kenaf fiber more flexible as a result of 
plasticization effect [1]. However, there is a significant drop in strain to failure after 4th week. This could be attributed to 
higher degradation rate by kenaf fiber, which tends to absorb large amount of moisture until over the maximum limit after 
exposed to environmental condition for long time. This tendency can be also related to the weak fiber–matrix interface due 
to water absorption when exposed to aqueous environments for longer time [4].  
 
 
 
Fig. 4. Strain to failure (mm/mm) for kenaf/fiberglass polyester composite at different environmental conditions. 
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3.2 SEM micrographs  
 
The scanning electron micrographs of  kenaf/fiberglass polyester hybrid composite is illustrated in Fig. 5. The surface 
failure is contributed by matrix fracture, fibre-matrix debonding, fibre pull-out and fibre fracture.  
 
 
 
Fig. 5. SEM micrograph on fracture surface of  kenaf/fiberglass polyester hybrid composite before immersion 
 
 
 
 
 
Fig. 6. SEM micrograph on the fracture surfaces of kenaf/fiberglass polyester hybrid composite after 3rd week immersion.   
 
 
 
 
 
Fig. 7. SEM micrograph on the surfaces of kenaf/fiberglass polyester hybrid composite after 4th week immersion.   
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Fig. 6 and Fig. 7 represent the SEM micrographs on the surfaces of hybrid composite after 3rd and 4th week water 
immersion. The humidity aging is clearly seen after 3rd and 4th week water immersion. The humidity aging is widely 
recognized as one of the main causes for long-term failure of an organic matrix exposed to the atmosphere or in contact with 
an aqueous media. Capillary action becomes active as water penetrating into the interface through the voids induced by 
swelling of the kenaf fibers [4].There are several recognized modes of humidity aging, namely matrix plasticization, 
differential swelling related to concentration gradients, embrittlement linked to the degradation of the macromolecular 
skeleton by hydrolysis, osmotic cracking, hygrothermic shock with change of water state, and a damage localized 
matrix/fiber interface [7]. In addition, humidity aging also causes undesirable effects to the mechanical properties and 
dimensional stability of composites.  
 
 
4. Conclusion 
 
Kenaf/fiberglass polyester hybrid composite was successfully prepared and immersed in three (3) different aqueous 
environments: distilled water, sea water and acidic solutions at room temperature. There is a decreasing of the tensile 
modulus due to longer immersion time. The main reason may be the formation of hydrogen bonding between the water 
molecules and cellulose fiber. In the fracture surface, the effect of humidity aging is clearly shown in the SEM micrograph. 
This strongly affects the mechanical properties of hybrid composites and causes deterioration in tensile modulus. Strain to 
failure has been improved by the inclusion of kenaf fiber reinforced in fiberglass hybrid composite until certain limit of 
water absorption (3rd week immersion). The water uptake molecules fill into cavities and crack within the composite and 
render the structure more flexible. 
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